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Little is known concerning local sensitization of the skin to roentgen rays and
less concerning sensitization to Grenz rays. T he few contributions on this
subject deal with the concomitant use of local applications and roentgen therapy.
MacKee (1) and MacKee and Andrcws (2) observed patients who had suffered
cutaneous damage when treated with both roentgenior radiation and an irritating
topical application. Cormia and Bryan (3) discussed the action and summation
effects of roentgen irradiation and commonly-used dermatological preparations
on the albino rabbit. The most severe damage was caused by a combination of
crude coal tar and roentgen rays. Peukert and Koehler (4) were the only
authors who reported on Grenz rays; they found that reactions to Grenz rays
were more marked in animals previously treated with tar. However, the above
observations and those of Schwarz, Zurhelle, Segindse, and others (5) concerned
substances which had a strongly irritating action on the skin. It is possible
that tar functions, in addition to its irritating action, as a photosensitizer, an
action similar to that of bergamot oil.
It has been known for some time that the skin can he sensitized to sunlight hy iigestion
of certain plants, such as buckwheat (fagopyrisni), soy beans (Riehi's inelanosis), by vita-
min deficiency (pellagra and pellagroid), by the absorption of certain dyes and drugs (ata-
brin, trypaflavin, hematoporphyrin, sulfonamides, arsenicals, etc.), in photoallergic dis-
orders (prurigo aestivalis) and in congenital disorders (bydroa aestivale and xeroderma
pigmentosum). 1-lowever, little has been known concerning local sensitization following
external contact with certain plants and plant extracts. Photodynamic effects are dis-
cussed in Blurn's excellent book (6) and by Stokes, Beerman and Ingrahain (7). It is neces-
sary to distinguish here between the cauterizing action of certain plants (Chetidonium
teejos, Ronuncolus), the very common allergy to plants and their extracts (poison ivy,
primrose) and photosensitization by plants and their extracts.
Freund (5), in 1916, was the first to describe a series of four cases of intense pigmentation
in irregolar areas after the use of Eau de Cologne followed by exposore to sunshine. He
observed the same phenomenon after experimental use of hergamot oil, one of the perfumes
of Eau de Cologne. Berganiot oil is the essential oil of Citrus bergeera and Citrus
eurenthio, obtained by expression from the rind of the fresh fruit; it contains Bergapten
(Bergamot camphor), a stearopten (C0H8O4). Rosenthal (9) first used the terni"Berlocque
dermatitis" because of the form of the resulting pigmentation.
In 1926, the author (10) described, under the name "Dermatitis striata pratensis, or grass
or meadow dermatitis", a cutaneous disorder in which a peculiar eruption appeared after
sun bathing in form of criss-cross linear vesicles and bollae, at times parallel, appearing in
the identical area which had been in contact with the grass or with the margins of leaves,
and had later been exposed to sunshine Accompanied by violent itching, the eruption ap-
peared after an incubation period of from 24 to 48 hours; it disappeared in a short time and
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was succeeded by persistent pigmentation in the sites of the original ernption. That the
eruption was not caused by cauterization by plants was proven by the incubation period
and that allergy was not present was proven by the sharp limitation to the grass cuts. A
large number of observations followed this publication, in which the same condition was
observed after contact with certain plants and plant extracts with subsequent exposure to
sunshine, and much experimental work was carried out. Klaber (11) introduced the term
"Phytophotodcrmatitis" for the whole group. Sams (12) found the oil of the Persian lime
(Citrus aurantifolia) an especially effective photosensitizer; this oil is very closely related
to oil of bergamot. Various substances in the different plants and plant extracts were
alleged to be the photodynamic factors. The author finally concluded that the pincnes,
bicyclic hydrocarbons (C10th6), terpenes which are the predominant part of the essential
oils, arc the causative agents. }lirschberger and Fuchs (13) concluded that the substance
must ho a catalyst with a photodynamic effect, and considered the flavonos as causative.
Kitchcvatz incriminated chlorophyl and similar substances. Kuske (14) presumed that
the furocumariocs, which are present in almost all plants that caused the meadow derma-
titis (such as Pastinaca saliva, Rule graviolens, Picas carica, Peuccdan era, Hcracleurn,
Angelica offlcinalis, Diclaranus allots and the Citrus group, etc., arc the cause of the phyto-
photodermatitis. Their extracts arc of the character of lactono, an aromatic liquid pre-
pared by distillation of lactic acid. They have the same chemical formula as bcrgapteu
(C,2H804), which is one of them. Another furocumarin is oxypeucedamiu. Kuske suc-
ceeded in producing photosensitization by external application of these pure substances.
Jensen and Hansen (15), of the Finscn Institute of Copenhagen, expressed the belief that
the juice of the green parts of the parsnip plant produces the clinical picture of grass derma-
titis. Experiments ware made with all wave lengths of light and combined light, from in-
frared to ultraviolet with different filters. They found that the longer ultraviolet wave
lengths (higher than 3200A) were responsible for the positive reaction after the application
of the juice of the unripe wild parsnip. They found further that the most active spectral
range lay between 3200 A and 3600 A, with less important spectral bands between 2640 A
and 2800 A.
The range of Grenz rays (supersoft roetgea rays) is between 4 A and 1 A; the average is
2 A. This range isa considerable distance from that of ultraviolet rays which have a range
from 4000 A to 15 A, and especially remote from the longer ultraviolet rays, which Jensen
and Hansen found to bathe most active spectral range. Therefore, it did not seem probable
that application of bergamot oil to the skin would sensitize the skin to Grenz rays.
METHODS
In the author's experiments, common commercial oil of bergamot of a light
greenish, yellowish color, was used. They were made on the author's forearms.
Thc oil eventually darkens and becomes brown. It was applied as a layer or
ras rubbed into the skin for several minutes with pressure. The flexor aspects
of the forearms were the sites of application and of exposure to Gren z rays.
The surrounding skin was protected by lead foil in which circular orifices of 2.0
cm. diameter and square orifices 2.0 by 2.0 cm. had been cut. Rubbing in
bergamot oil was never associated with a sensation of itching or burning or
followed by the slighest cutaneous irritation, even if carried out for a long time.
Since the pronounced action of fats and oils in filtering Grenz rays is well known,
decreased reaction in the areas treated by the oil would be expected. However,
the experimental results were otherwise.
Expcrirnenl 1. November 20,1944. Three circinatc areas on thcleftforcarmweretrcated
as follows: The upper (#1) and lower (3) areas ware rubbed with Bergamot oil for three
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minutes. The upper (# 1) and middle (#2) areas were exposed to Grenz rays from a Siemens-
Haiske machine with the following setting: focal skin distance, 10 cm., 165 volts, 15 Ma;
half value layer, 0.015 Al.; exposure time, 3 mi, Grenz rays, 118 r.
November 21, 1944. Areas #1 and #2 presented slight erythema, with no difference in
intensity; Area #3 showed no change. Areas #1 and #3 were again rubbed with bergamot
oil for 5 minutes and areas S 1 and #2 were exposed to Grenz rays for 5 minutes (280 r.),
November 22, 1944. There was no difference in the intensity of the erythema. The
control area, treated with bergamot oil only, showed no erythema. Bergamot oil was
again rubbed into areas 5 1 and #3 for 3 minutos, and areas 5 1 and #2 were exposed to Grenz
rays for 3 minutes (118 r.).
Fin. 1. The author's left forearm. Photograph taken March 8,1945. GIl-B, Grenz rays
and bergamot oil; Gil, Grenz rays; It, Itergamot oil. Experiment #1.
November 24, 1944. The erythema in area 5 1 was more intense than in area #2. There
was no reaction from bergamot oil alone. The oil was again rubbed into areas #1 and #3
for 3 minutes. Areas #1 and #2 were exposed to Grenz rays for 3 minutes (118 r.).
Decombcr 12, 1944. Erythcma in area 5 1 was more intense than in area #2, becoming
brown. There was no reaction to oil alone. Total time of application of oil was 14 minutes;
total quantity of Grenz rays, 634 r.
March 1, 1945. Pigmentatioa on area 5 1 more intense than on area #2. No reaction
from oil alone (Fig. 1).
Conclusion: Bergamot oil sensitizes the skin to Grenz rays. It is significant that appli-
cation of bergamot oil alone produced no cutaneous irritation.
Experiment 2. January 25. 1945. Experiment 1 was repeated on the right forearm with
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increased time of application of Bergamot oil and increased exposure to Grenz rays. Appli-
cation of oil was made for 5 minutes and exposure to Grenz rays was carried out for 5 minutes
(500 r.).
February 1, 1945. No difference in erythema in areas # 1 and #2. No reaction to bergamot
oil alone. Oil was again rubbed in for 5 minutes and Grena rays exposure was made for 5
minutes (500 r.).
February 8, 1945. Area # 1 showed more pronounced erytherna than area #2. Oil was
not rubbed in. Grenz ray exposure for 10 minutes (1000 r.).
FIG. 2 Fin. 3
FIG. 2. The author's right forearni. Photograph taken March 23, 1945. Experiment #2.
Fin. 3. The author's right forearm. Photograph taken April 15, 1945. Experiment #2.
February 15, 1945. Findings same as on February 8. Oil was rubbed in for 2 minutes.
Grenz ray exposure, 230 volt, l1.V.L., 0.024 Al, 1 minute, (549 r.).
February 20, 1945. Area # 1 showed much more pronounced erythenia than area #2, with
intense erythematous puncta. Total time of rubbing with bergamot oil, 12 minutes; total
exposure to Grenz rays, 21 minutes, (2540 r.).
March 1, 1945. Erythema produced by bcrgamot oil plus Grenz rays still more intense
than from Grenz rays alone, with dark red spots in the former area.
March 8, 1945. Erythema slightly paler tlmn on March 1st.
March 28, 1945. Areas more pigmented (Fig. 2).
April 15, 1945. Pigmentation in area #1 more intense than in area #2 (Fig. 3).
June 27, 1945. Pigmentation in area #1 more intense than area #2 (Fig. 4).
'Iz
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Conclusion: The duration of the rubbing of bergamot oil is of minor importance in
production of erythema and subsequent pigmentation. The duration of exposure to Grenz
rays and the quality of the rays seem to be deciding factors. Harder Grenz rays are more
effective with bergamot oil than without it. There was no irritation from rubbing of the
oil alone.
Expccimcnl 3. March 1, 1945. The same areas on the left forearm were used as in Experi-
ment I. A layer of bergamot oil was applied to area #1, but was not rubbed in. Grenz
rays, FSD 10 cm., 15 Ma, 1IVL 0.024 Al, 230 volts, were given for one minute (540 r) to areas
* and #2.
FIG. 4. The author's right forearm. Photograph taken June 27, 1945. Experiment #2.
March 2, 1945. No difference was noted in the two areas.
March 8, 1945. No difference.
Conclusion: If bergamot oil is applied as a layer on the skin and is not rubbed in, it
produces no accentuation in the erythema from Grenz rays.
E.cpcriment 4. March 8, 1945. The same areas were used as in Experiment 3. Bergamot
oil was rubbed into area *1 for 5 minutes; #1 and #2 were exposed to Grenz rays HVL 0.024
Al for 2 minutes (1080 r.).
March 9, 1945. Marked erythenia in area # 1; slight erythema in area #2; no erythema in
area #3.
March 15, 1945. Erytheina in area #2 slightly more pronounced.
March 26, 1945. Same as March 15.
.
April 15, 1945. Pigment formation in area #1 more marked than in *2 (Fig. 4).
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Conclusion: Harder Grenz rays (HYL 0.024 Al) are more able to produce erythema and
pigmentation than softer (irenz rays (HVL 0.015 Al). There was no cutaneous irritation
from bergamot oil alone.
Experiment 5. September 27, 1945. Two new square fields were used, one on each upper
forearm. The left was rubbed with bergamot oil for 5 minutes, and both were exposed to
Grenz rays: FSD 10 cm., 233 volts, HVL 0.024 Al, for 2 minutes (960 r.).
September 28, 1945 (17 hours after exposure). On left forearm there was intense in-
flammatory erythema, pronounced edema and slight itching. On right forearm there was
slight erythema with no edema and no itching.
Fin. 5. The author's both forearms. Photograph taken November 3, 1945. Experiment
5.
Septnmber 29, 1945. Edema abnost subsided on left forearm hut more erythematons;
right area less erytkenatous.
Septeniber 30, 1945. No change.
October 2, 1945. Erythema more pronounced on left side, decreased on right.
October 4, 1945. No change.
October 9, 1945. Difference in intensity more pronounced.
October 15, 1945. Erythematous plaques becoming pigmented Area on left distinctly
darker than on right.
October 21, 1945. No change.
October 25, 1945. Area on right side intensely erythematous, becoming pruritie.
October 27, 1945. Area on left deeply erythematous, shows few white follicular papules,
is very pruritic; area on right intensely erythematous, with no follicular papules.
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November 3, 1945. Area on left darker red, with intense itching. (Fig. 5).
November 5, 1945. Area on left dark red, covered with white follicular papules; area on
right shows no change.
November 8, 1945. Surface on left area is wrinkled; right area becoming pruritic, is
darker.
November 12, 1945. Left area covered with laminated scales, with the follicles less
distinct; the right area is dark red and pruritic.
November 15, 1945. Left area is lighter, without laminated scales; right area is pruritie
and non-scaly.
November 18, 1945. Left area is lighter red, with furfuraceous scaling; the right area is
more erythematous, the surface is wrinkled, with a few follicular papules, non pruritic.
Conclusien: The immediate reaction (24 hours after exposure) on the area previoush
rubbed with bergarnot oil was much stronger (intense inflammatory erythema, edema and
pruritus). Itching in this area gradually increased to a lngh degree, then decreased with
exfoliation. On the area treated with Crenz rays only, the itching started almost one month
later, it was experienced with gradually increasing erythema and scaling, but did not attain
the degree of severity as in the bergamot area. The reaction to oil of hergamot followed
by (irenz rays is more pronounced with hard rays HVL 0.024 Al. than to soft rays ITVL
0.015 Al.
SUMMARY
l3ergatnot oil, when rubbed into the skin, sensitizes it to (irenz rays, more
to the harder than to the softer rays. The duration of time of rubbing the oil
does not play a significant role. A layer of oil on the skin has no sensitizing
effect, if not rubbed in. Bergamot oil alone does not irritate the skin.
This is a preliminary report. Further investigations will be carried out with
pure furoeumarines, such as bergapten (lleraelin), a distillation product of oil of
bergamot, and oxypeueedanum, a distillation product of Peucedanoin ostrothiom,
and other substances of laetone character, with a chemical formula of C12H504
to determine their effect in sensitization of the skin to Grenz rays.
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